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Cerebrospinal meningitis was amongst the first diseases in which the importance 
of the carrier problem was recognized, and probably in no disease  has this prob- 
lem  received  more  attention.  Following  on  similar  discoveries  in 'connection 
with cholera by Koch (1) and diphtheria by Escherich (2), Kiefer (3)  and Albrecht 
and Ghon (4) showed that the organism could be recovered from the nasopharynx 
of many patients  with  meningitis  and  also from apparently  healthy  individuals 
who had  been  in  contact  with  cases.  These  facts  were  shortly  thereafter  con- 
firmed  by  numerous  investigators  among whom  von  Lingelsheim  (5)  was  pre- 
eminent.  Although  the  fact  was  generally  taken  for  granted,  it  remained  for 
English investigators  (6) during the war time epidemic to show conclusively that 
in the majority of cases  the organisms found in the throats are of the same type 
as those isolated from the spinal theca and are undoubtedly the identical strains. 
These demonstrations drew the attention of investigators to the nasopharynx both 
as  the  presumptive  primary  area  of  infection  and  as  the  possible  focus  from 
which the disease  can be  transferred  to other individuals.  Carrier  transmission 
was  believed  to  be  more  important  than  case  to  case  infection  in  view  of the 
extreme rarity of obvious infection from case contact (7, 8) and further from the 
finding of yon Lingelsheim  (S)  that  the majority of cases  of cerebrospinal fever 
gave negative throat cultures after 3  weeks. 
The  fact  that  meningococci  could  be  demonstrated  in  the  nasopharynx  of 
apparently  healthy  contacts  (3,  4)  was,  of  course,  of  the  utmost  importance. 
These carriers might acquire the nasopharyngeal infection and transmit it without 
themselves showing any symptoms beyond possibly those of a  slight pharyngitis. 
In  the  course  of  several  such  transmissions  the  meningococcus might  fall  on 
suitable soil and be capable of invading the body beyond the mucous membranes 
to produce a  general infection and meningitis. 
Kutscher in 1906 (9) showed that carriers existed not only amongst those who 
had been in contact with accepted cases of the disease but also amongst the general 
population.  This  has  been  confirmed by many others,  and  further  it  has been 
shown, as was only to be expected, that the carrier rate is highest amongst close 
contacts and  lowest  amongst  non-contacts,  with  secondary  contacts  occupying 
an  intermediate  position. 
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There  has  been  much  discussion  as  to  whether  the  meningococcus  can  be 
looked upon as a relatively normal inhabitant of the nasopharynx like the pneumo- 
coccus and certain other pathogens, or whether its occurrence there is abnormal. 
The weight of opinion has been in favor of the latter and in support of this the 
short  duration  of  nasopharyngeal  contamination  is  cited  amongst  other  facts. 
Perhaps, however, opinion has been prejudiced by the varying ideas as to what is 
to be understood by the name  "meningococcus."  This point is discussed below 
but it can be said here  that  the confining of "meningococcus" to strains which 
correspond in every way, i.e.  even serologically, with  those strains isolated from 
the spinal fluid of the majority of cases, would tend to limit the problem and to 
give more truth  to the statement  that  the meningococcus is of abnormal occur- 
rence in the nasopharynx. 
Another point in favor of regarding the meningoeoccus as an abnormal inhabi- 
tant of the nasopharynx is the claim that the presence of the organism is usually, 
if not invariably, associated with an inflammatory condition of the mucosa  (10). 
However, the accuracy of this claim has been questioned by several other workers 
(11,  12)  and  it seems doubtful whether an  association with inflammation, other 
than one which is seasonal and fortuitous, exists, though it is true that there have 
been reports of an epidemic of meningococcal nasopharyngitis which has preceded 
or run concurrently with  the epidemic of meningitis. 
Bruns  and  Hohn  (13)  demonstrated a  close relationship between  the  carrier 
rate  in  the  general population and  the  onset,  rise and  decline of an  epidemic. 
Glover  (14)  had  special  opportunities  to  make  observations  upon  this  point 
during war time troop concentration and he noted that marked overcrowding of 
individuals produced  a  rise in  the  carrier rate.  When  such  a  rise  exceeded a 
certain  figure,  which  Glover put  at  20  per  cent, the  community was  in  grave 
danger  of an  outbreak  of cerebrospinal fever.  An  epidemic of carriers  always 
preceded  the  epidemic of  meningitis.  Glover  was  also  able  to  show  that  the 
increase in carrier rate was directly dependent upon such factors as overcrowding, 
deficient ventilation and cold, damp weather.  Such rises occurred most strikingly 
amongst groups of young recruits who presumably presented the additional factor 
of  a  favorable soil.  It  is  quite  possible that  the  meteorological factors  acted 
merely  by  increasing  the  overcrowding and  deficient  ventilation, for  the  men 
crowded  together for  warmth  and  company  on  wintry  evenings. 
Many attempts have been made to cure carriers so that the risk of an epidemic 
could be lessened.  The methods adopted have varied from simple isolation and 
observation  to  gargling or intensive saturation  of  the  mucous  membrane  with 
germicides  such  as  protargol,  chloramine-T  or  zinc  sulfate  (15),  and  even  to 
removal of the  tonsils and adenoids in  those infections which  were so stubborn 
that  they resisted the more conservative treatments.  Each of the  methods was 
adjudged  by  means  of  weekly or biweekly throat  swabs,  and  three  successive 
negative cultures were held  to  constitute a  cure of the  carrier condition.  It is 
doubtful whether  the results obtained by gargling or intensive vapor inhalations 
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the  majority  d  investigators  that  by  far  the  larger  number  d  carriers  have 
cleared up spontaneously at the end of the 4th week and three successive  throat 
cultures  at  this  time  have proved negative  (5,  16, 17).  Moreover, in  the large 
proportion of cases it is held that the cure is permanent and that the meningococci 
do not recur (yon Lingelsheim (5)).  However, yon Lingelsheim  also points out 
that  the  organisms  may  reappear  after  a  3  or  4  week  negative  interval,  and 
single or scattered examples of such recurrence have been reported  (17).  Unfor- 
tunately  there have been relatively  few reports  of careful  subsequent  examina- 
tion  of  "cured"  carriers,  and  one  can  obtain  no  dear  idea  from  the  literature 
how often the reported absence of recurrence is due to lack of such examination. 
It has  been  stated  that  the persistence  of a  strain in  the nasopharynx is  an 
abnormal event and depends upon abnormalities  of the upper respiratory tract 
(18--20).  Such  abnormalities  could  be  treated  surgically  and  chronic  carriers 
would clear up.  Here again, however, it must be pointed out that the criterion 
of cure was that of a  few consecutive negative nasopharyngeal cultures and that 
no later  examinations  of these  cases  were  undertaken. 
The certain identification of meningococci in the culture  from the nasopharynx 
has  been  a  matter  of much  controversy.  Although  Albrecht and  Ghon  (4)  in 
1901 had described the preparation of agglutinating serum in rabbits,  it was not 
until  later  that  the  agglutination  test,  as  the  result  of  work by Flexner  (21), 
Kolle and Wassermann (22) and others, was generally adopted.  Before then the 
diagnosis  was  somewhat  uncertain  and  depended  in  the  main  on  colony mor- 
phology, staining properties and fermentation reactions (23), all of which had been 
carefully  worked  out  by yon  Lingelsheirn  (5).  Once  antimeningococcal serum 
had been prepared, however, the agglutination reaction  was made the criterion of 
genuineness,  only  to  be  rendered  doubtful  in  turn  by  the  subsequent  work  of 
Dopter  (24).  He was able  to isolate  from the nasopharynx an organism which 
had  all  the traits  of the meningococcus but  did not agglutinate in a serum pre- 
pared  with  strains  at  that  time  occurring in  the  spinal  fluid of cases of menin- 
gitis.  Dopter would not admit that this organism was not a meningococcus and 
proposed  for  it  the  name  "parameningococcus." His  view  was  confirmed  by 
Carnot and  Marie  (25)  who succeeded in isolating this type  (II and IV by the 
later  Gordon  classification)  from cases  of meningitis  during  the  following year. 
It is now recognized that  all four of Gordon's cerebrospinal  meningitis  types 
can be found in the nasopharynx of healthy individuals, both those who have and 
those who have not been exposed to the disease;  further, that in epidemic periods 
the proportion of these types in the throats of contacts and,  to a  lesser degree, 
in  those of the general population shows a  remarkable  correspondence with  the 
distribution  of types among the frank cases  of meningitis  (12,  16,  17).  Certain 
strains of Gram-negative  cocci from the nasopharynx are, however, still  the sub- 
ject  of  argument.  While  the  majority  of  Gram-negative  cocci  can  readily be 
distinguished from meningococci and placed in their appropriate groups by means 
of the carbohydrate fermentation test, colony  characteristics and pigment forma- 
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cocci save that they are not agglutinated by any of the four Gordon sera or by 
polyvalent  serum.  In  the  past,  the  weight of opinion has  been against the 
supposition that such strains are true meningococci.  They were called "pseudo- 
meningococci" or "pharyngococci" (12, 26,  27) and  their presence in  the naso- 
pharynx  was ignored in the estimation of the meningococcus carrier rate.  Yet 
Eastwood  (28) and  Griffith (29) chimed  that  these "pseudomeningococci" had 
every right  to be considered as true meningococd, and  Scott  (30) was able to 
show that although the strains failed to agglutinate with any of the monovalent 
type sere prepared with spinal fluid strains, yet they were dosely allied to the 
four Gordon types and could absorb agglutin|ns from the type sera.  The majority 
of atypical strains which Scott examined were found to be allied to Type II. 
In  conclusion  of  this  summary,  it  may  be  pointed  out  that  the 
previous work has served to emphasize the importance  of the carrier 
in  the  spread of cerebrospinal meningitis  and  the  necessity for naso- 
pharyngeal  examination  of contacts and  others  in  order  to  establish 
the  carrier  rate  and  to be forewarned of the  danger  of an  epidemic. 
Newsholme (31) has estimated that  during the course of an epidemic 
of  a  yeax's duration  nearly  everyone within  the  epidemic  zone  will 
harbor the meningococcus at some  time.  The general opinion, based 
on  the  assumption  that  three  consecutive negative  swabs constitute 
a  cure, has been that meningococcus carriers,  unlike those who carry 
for  example  Corynebacterium diphtheriae, are  contaminated  for  only 
a  short time and that while radical methods assist in clearing up the 
condition especially if it be stubborn, yet the majority of cases undergo 
spontaneous and permanent  relief, leaving only a  very small number 
of chronic  carriers.  It  is  also  believed by many  that  menlngococci 
are  to be regarded  as abnormal inhabitants  of the nasopharynx  and 
further that the strains from the throat can be identified with Gordon's 
four types.  Other  strains,  which  fulfill all  the  requirements  for the 
biological characteristics of the meningococcus save that of agglutina- 
tion in monovalent or polyvalent antimeningococcal sera, are excluded 
by most  investigators  from  the  group  of true  meningococci. 
A  consideration  of  the  results  of  other  investigators  as  outlined 
above has  led  to  the  work which  is  presented  here.  Of particular 
interest  was the  question  of the  duration  of the  carrier  state  in  the 
absence of any treatment.  Was it true that the period of contamina- 
tion was limited to 3 or 4 weeks?  If not, how long a period of apparent 
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ance  of the  carrier  state,  should  that  take  place,  was  the  organism 
the  same  as that  which had  formerly been isolated on weekly swab- 
bings, or had there been a  change of type or of minor characteristics? 
Furthermore,  it  seemed  of  interest  to  examine  the  distribution  of 
types amongst  carders at  this non-epidemic time and to compare it 
with  other  studies  of  carrier  types  made  during  epidemic  and  non- 
epidemic periods.  Finally  an  attempt  was  to  be made  to  trace  the 
relationship, if any, of the carrier state and its periods of waxing and 
waning to diseases of the upper respiratory tract. 
A  partial  answer  to  some  of these  questions  has  arisen out of the 
present  work  and  will  appear  as  the  results  are  outlined  below.  It 
is believed that a  study undertaken during  an epidemic period might 
serve to enlighten  the problem still more. 
Material and Technique 
Investigations  were  carried out  on three  groups of normal  individ- 
uals which, none of the members having been known to be in  contact 
with  cases of cerebrospinal fever, could  be considered as non-contact 
groups. 
The first group consisted of all the individuals working on one floor of a building 
unit  of  The  Rockefeller  Institute  in  New  York  City.  This  group  of  adults 
included secretaries, technicians  and research investigators,  both male and female 
--in all 24 persons.  Of these  24 only three had much laboratory contact with 
strains of meningococcus owing to the work in which  they were engaged.  The 
second group consisted  of 25 girls between the ages of 6 months and  14 years, 
who were inmates of a foundling home and were confined to an isolation unit on 
account of gonococcal vaginitis, t  The last  group  consisted  of 569  young men 
from 18 to 25 years of age drawn  chiefly from the less fortunate sections of the 
community and collected in a  concentration camp at Fort Slocum preparatory 
to sending them out to forestry camps. ~  Since the investigation  of each of these 
three groups differed considerably,  owing  to uncontrollable factors,  each group 
will be discussed separately. 
Both  straight,  unprotected swabs  and  those  on  curved wires  enclosed  in  a 
protecting West  tube made of glass  were  used,  and  care  was  taken to obtain 
The opportunity is taken to thank Dr. Joseph A. Dillon and all of the staff 
of the New York Foundling Hospital for their kind cooperation. 
The author wishes to express his gratitude to Colonel C. R.  Reynolds of the 
Second Corps Area Headquarters and the late Colonel George P.  Peed, surgeon 
at Fort  Slocum,  whose kind cooperation made this work  possible. 5S8  MENINGOCOCCUS  INFECTION.  VI 
material on the swab only from the nasopharynx behind the soft palate.  It was 
found that experience with the straight swab allowed one to obtain just as good 
results  as  with  the  West  tube.  Any  swab  touching  the  tongue  or  tonsils or 
becoming smeared with saliva was discarded for it was found, in complete corrob- 
oration  of  the  work  of  Gordon  and  others  (32,  33)  that  contamination  with 
salivary bacteria or their products will inhibit the growth of the meningococcus. 
The nasopharyngeal swab was smeared on a  large Petri dish, 14 cm. in diam- 
eter,  freshly poured with pneumococcus agar containing freshly  drawn  citrated 
rabbit blood and 0.03  per cent dextrose,  s  By using a large plate and changing to 
a  sterile swab for the spreading of the material after the initial smear with  the 
infected  swab  had  been  made,  good  separation  of  colonies  was  effected  and 
pick~g  of questionable colonies facilitated.  It  is  important  to  have  the  agar 
plate warmed  to  37°C.  when  the  plating is done,  otherwise  the growth  of  the 
meningococcus may be partially or completely inhibited.  Directly after spread- 
ing,  the plate is returned  to  the 37°C.  incubator and left overnight.  The next 
morning it is examined and parts of suspicious colonies are smeared on a  glass 
slide, stained by Gram's method and examined.  Those colonies which prove to 
be  Gram-negative cocci are transferred to freshly poured blood agar plates and 
an  estimate is made of  the percentage of that  particular type of colony on the 
plate.  This  transfer in  turn  grows out overnight and if it proves the next day 
to  be  a  pure  culture,  its  fermentation  and  agglutination  reactions  are  tested. 
It has been found  that  more rapid and  satisfactory results of  the fermentation 
reaction are obtained if solid rather than fluid media are used#  All agglutination 
reactions are carried out at 37°C.  for 2  hours and overnight in the ice box (35). 
The Ir~stitute Group 
The  investigations  on  the  first  group--those  at  The  Rockefeller 
Institute--were  the  most  thorough.  All of the  individuals examined 
worked  on  one  floor of one  of  the  building units of  the  Institute  and 
s Fresh beef heart (free from fat and gristle) ................  500  gin. 
Witte peptone .........................................  10  " 
Sodium chloride  .......................................  5  " 
Agar .................................................  20  " 
Dextrose ..............................................  0.3  " 
Tap water ............................................  1,000 cc. 
10 cc. of citrated rabbit blood are added to each 250  cc. of medium. 
4 Beef heart agar, as given in footnote 3 but without the dextrose, is used.  To 
90 cc. of this agar, melted and cooled to 45°C.,  is added 10  cc.  of a  10 per cent 
solution of the sugar to be tested.  The sugar solution, made up in distilled water, 
has  previously been  sterilized by  heating  at  10  pounds  steam  pressure  for  12 
minutes.  To  100  cc.  of the sugar-agar are added 5  cc.  of hemolyzed blood and 
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a  plan  of  this  floor  is  shown  in  Text-fig.  1.  A  certain  number  of 
these  individuals  were  engaged  in  purely  secretarial  work,  but  the 
majority  occupied  themselves  in  active  research  upon  pathological 
and bacteriological subjects.  Each individual is indicated in the room 
in  which  he,  or  she,  worked by a  number.  If  the  individual  was a 
carrier, the strain type is indicated.  Those working with meningococci 
are shown by means of a small m.  During a period of 20 months,  24 
persons were subjected to nasopharyngeal swabbings which were carried 
out  approximately  weekly.  Of  these  24,  thirteen  were  observed 
throughout  the  full  20  months.  The  other  eleven,  who  arrived 
or  departed  during  the  course  of  the  investigation,  were  observed 
over shorter  periods;  that  is  to  say,  two for  15  months,  eight  for  9 
months  and  one for 7 months.  Ten individuals  carried meningococci 
in  their  nasopharynx  at  some  time or other  during  the  period  of ob- 
servation  and  these  ten  carriers  can  be  divided  into  three  groups. 
In  the  first group  are  five individuals  who were  constant  or  chronic 
carriers; in the second, two who were intermittent  carriers;  and in the 
third,  three who were transient  carriers.  These  three groups will be 
dealt  with in  detail.  It  is important  to note  that  only one  of these 
carriers--No.  8--came  in  contact with meningococcus research work 
in  any  way.  Two  non-carriers  handled  meningococcus  cultures,  on 
solid or on fluid media, constantly and two more handled such material 
occasionally.  These  four  workers--Nos.  5,  6,  7,  24--remained  free 
from  the  meningococcus  throughout  the  period  of  investigation, 
although  one--No.  5--twice  accidentally  received  about  2  cc.  of 
living  and  presumably pathogenic  meningococcus broth  culture  into 
his mouth. 
Three of the five chronic carriers were males and two females.  The 
latter individuals were engaged in secretarial work.  Protocols of these 
five individuals  follow. 
No.  13.--(Text-fig.  2.)  Adult male.  This individual was negative when first 
swabbed, Oct. 6, 1931.  He became positive on Nov. 24, showing meningococcus 
colonies for about 10 per cent of his throat plate.  From then onwards he was a more 
or less constant  carrier until  the  end of the investigation on May 21, 1933, when 
his throat plate showed 20 per cent of meningococci.  In all he showed 33 positive 
cultures out of 82 swabbings.  In between these two dates he had  intervals of 
freedom from demonstrable infection.  These  varied from a single negative swab- 
bing up to 8 consecutive negatives or a free period of 2 months.  On the whole, 560  M~NINGOCOCCUS  INFECTION.  VI 
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the numbers of meningococci were not high but on one occasion--Feb. 7, 1933- 
the plate showed some 70 per cent of meningococcus colonies.  There was some 
tendency for the meningococci to be more plentiful in the late winter and spring, 
i.e.  January to April, and the longest free interval occurred in the late  summer 
and early autumn, August to October, but the seasonal variation was not particu- 
larly  marked  with  this  individual  The  same  type  was  found  thronghout--a 
Type  V  according to  the  terminology adopted  in  this  laboratory.  As  will  be 
pointed out below, this type belongs to the  Group I, that is  to say, is allied to 
Type I-III. 
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Individual 13  was swabbed again on three occasions in Nov.,  1933.  On one 
of these he was positive and showed the same Type V as he had carried previously. 
Thus he is known to have been a  constant carrier of the ~me type of meningo- 
coccus for at least  24 months. 
No.  15.--(Text-fig.  3.)  Adult male.  This individual  was negative when first 
swabbed on Oct. 6,1931, but became positive on Nov. 3, with meningococd forming 
80per cent of his throat plate.  From then on he remained constantly positive until 
Mar. 22 at which time he was recovering from a cold, as will be pointed out below. 
He showed almost throughout the period of investigation  surprisingly large num- 
bers of meningococci on his throat plates,  ten plates showing 90 per cent or over 
and  two  being  apparently  pure  cultures.  In all,  22  out of 29  swabbings  were 562  MIENINGOCOCCUS IIW~ECTIOIW.  VI 
positive.  On  Mar.  10,  1932,  he  developed a  severe  coryza.  At  this  time his 
plate showed 75 per cent meningococd.  5 days later the numbers of meningococd 
had fallen to 5 per cent and the rest of the colonies were all a pneumococcus which 
proved to  be Type XIIL  A  week later the meningococci had disappeared and 
the Pneumococcus XIII was still predominant.  Up to the end of April, that is 
for 6 weeks, the Pneumococcus XIII persisted and meningococci did not reappear. 
At the end of April this individual unfortunatdy left the city and  could be fol- 
lowed no longer; but two single reports on throat cultures state that he remains 
free  from  meningococci.  The  type carried was  the  same  throughout:  namely, 
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a  Type VII which, as will be pointed out below, belongs to the Group II and is 
thus related to Type II. 
No.  17.--(Text-fig. 4.)  Adult male.  This individual was negative from Oct. 6, 
1931,  until Feb. 15, 1932.  On this date he showed meningococci in 50 per cent of 
his throat plate.  From then  on he was a  more or less constant carrier, giving 36 
positive cultures out of 63 swabbings.  Free intervals were not infrequent and varied 
from a  single swabbing up to three consecutive negatives twice,  four  consecutive 
negatives once and five consecutive negatives once.  The infection was not heavy but 
reached  as high  as  75  per  cent  on  one  occasion.  Here  again  there  was  some 
tendency for the meningococci to be most plentiful in the late winter and spring 
and  for  the smallest numbers  and  longest free intervals to be found in  the late G~.OFF~Y  RAKE  563 
summer and autumn.  The strain proved to be a Type V and remained unchanged 
during the period of investigation. 
This individual was  swabbed again  three  times during  Nov.,  1933.  On  one 
occasion he  showed  a  meningococcus on  his  throat  plate,  of  the  same  type as 
carried previously---a Type  V.  He  is  thus  known  to  have  been  a  carrier for 
21 months. 
No.  22.--(Text-fig. 5.)  Adult female.  Secretary.  This  individual was  posi- 
tive when first swabbed, Oct. 6,  1931, and remained a  constant carrier from then 
on  for  the  remainder of  the  investigation.  In  all,  75  out  of  92  cultures were 
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positive.  Intervals of  freedom  from meningococci were usually only for a  single 
swabbing,  but  twice  there  were  two  consecutive  negatives.  The  numbers  of 
organisms as shown by colonies on the plate were usually high and on nine occa- 
sions reached 90 per cent or over.  The percentage was consistently higher in this 
individual than  in  any  other.  The  contamination  showed  a  decided  tendency 
to be less in the autumn  and early winter in this patient, as is shown by Text- 
fig. 5.  Periods of coryza did not affect the numbers  of organisms, but on  two 
occasions pharyngitis, from  which  slightly increased numbers  of  non-hemolytic 
streptococci could be isolated, was assodated with a disappearance of meningococci. 
The strain was throughout a  typical Type II indistinguishable from spinal fluid 
Type II strains from cases of meningitis. 564  M~NI~GOCOCCUS  INFECTION.  VI 
The individual  was swabbed again during Nov.,  1933.  On each occasion she 
was positive with figures of 40, 74 and 30 per cent.  The strains were still typical 
Type II.  She  is  thus  known  to  have  been  a  carrier  of Type II  for at  least 
26 months. 
No.  23.--(Text-fig.  6.)  Adult  female.  Secretary.  Negative  when  swabbed 
on  Oct.  6,  1931.  She  was  first  found positive  on Oct.  26  when  meningococci 
formed 84 per cent of her throat plate.  From then on for 18½ months she was 
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positive but showed long intervals of freedom in one case amounting to 4½ months 
or 18 consecutive negative swabbings.  In all,  40 out of 88 swabbings  were posi- 
five.  The numbers of organisms were moderately high and twice reached 90 per 
cent or over.  There was no definite seasonal variation in this  individual.  How- 
ever, in common with all the other chronic carriers she showed fewer meningococci 
in  the  year  1932-33  than  in  1931-32  when  the  investigation  was  commenced. 
The type remained  the same throughout; namely, an atypical Type II of which 
more will be said below.  For the first  7 months this individual was almost con- 
stantly positive.  In May of 1932 she had a  severe cold which was followed  by 
an outgrowth of H. in~uenzae in almost pure  culture.  Subsequent  to  this  the 
meningococci disappeared  for  3½  months  and  on  reappearance  were  in  small 
numbers and present  only irregularly.  Here again, as with No.  15,  the appear- 
ance  in  the  nasopharynx of a  pathogen  in  almost  pure  culture  was associated GEO~FP~Y~a~  565 
with a  great diminution in  the numbers  of meningococd.  In  the present case, 
however,  there  was no  permanent  relief. 
This  individual was  swabbed  again  on  three  occasions  during  Nov.,  1933. 
On each occasion she was positive, the meningococci being present in small hum: 
bers--5, 2  and 3  per cent.  The  type was the same as before; namely, atypical 
Type II.  Thus she is known to have been a  carrier of an atypical Type II  for 
at least 25 months. 
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Four of these five individuals have thus been known to be chronic 
carriers for periods ranging from 21 to 26 months, and they show no 
signs at  the present time of undergoing spontaneous relief.  In the 
only case in which there was apparently relief, it followed the appear- 
ance in the nasopharynx of another pathogen, namely a  Type XlII 
pneumococcus, in great  abundance.  In every case  the type of the 
organisms involved remained the same throughout and certain small 
peculiarities in  the individual  strains which were  characteristic,  i.e. 
ease of emulsion and the like, made it certain that in each instance 
the  same  strain  persisted throughout. 
Both of the intermittent carriers were males.  One of them, No. 8, 566  MENn~Oococcus .~N!~ECnON.  V~ 
was engaged in the meningococcus research work as technical assistant, 
Although  there  were five individuals  in  all who  came into  some con- 
tact with the meningococcus research work, he was the only one who 
developed a  nasopharyngeal contamination.  Protocols follow. 
No. 4.--Adult male.  This individual was positive only twice in the course of 
9 months (34 swabbings).  On the first occasion the strain was a typical Type II 
and appeared in  10 per cent of the  throat plate.  3 months later he was again 
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positive,  the strain this time being an atypical Type II which appeared in 3 per 
cent of the throat plate.  Three subsequent  swabbings  during Nov., 1933, were 
all negative. 
No. 8.--(Text-fig. 7.)  Adult male.  This individual  was negative for 5 months 
and then in Mar.,  1932, became positive with meningococci forming 75  per cent 
of his  throat plate.  During the next  15  months he was positive  on nine addi- 
tional occasions, the numbers of organisms usually being small.  There were  long 
intervals of freedom amounting in one instance  to 6 months and in another to 
4  months.  There  was  a  definite  winter and early  spring  incidence.  Although 
all the  cultures  isolated  belonged  to  Group  II,  there were individual variations 
between  different  cultures.  The majority of cultures  were  classed  as Type VII 
but one at least was Type VI, and it seems certain that this individual  did not GEOFrm~Y P.AKE  567 
harbor the same strain throughout the period  of observation.  The possibility 
that this individual was infected by the cultures  he handled  would seem to be 
ruled out by the fact that at no time has a  strain  similar to the Type VI strain 
been seen in the laboratory. 
He was swabbed again on three  occasions during Nov.,  1933, and on one of 
these showed 2 per cent  meningococci on his throat plate.  This strain belonged 
to  Group  II. 
In  neither  of  the  intermittent  carriers,  therefore,  did  the  strain 
remain  the  same  throughout  the  investigation.  It may be that one 
was dealing with the same strain throughout but that  it  was  under- 
going  definite  variations  in  antigenicity  and  other  characteristics. 
In favor of this is the fact that in each case the different strains one 
and  all  belonged  to  Group  II.  Yet  the  individual  variations  were 
striking  and,  in  view of the  long intervals  of freedom, it  is perhaps 
easier  to  suppose  that  one  is  dealing with  examples  of  spontaneous 
cure and  reinfection in persons perhaps  peculiarly susceptible  to the 
carrier state. 
Nos. 3, 12 an  d 19.--The three transient carriers were all adult males.  In each 
case the menlngococcus appeared  in the throat on one occasion only.  In No. 3 
the infection formed 40 per cent of the plate, but in Nos. 12 and 19 the infection 
was only slight, being 3 per cent and 5 per cent respectively.  All the strains 
belonged to Group II, those of Nos. 3 and 12 being Type II while that of No. 19 
was  a  Type VII.  They were observed  for 20,  9 and  15  months respectively. 
Re.swabbing in Nov.,  1933, gave negative  results. 
The investigation of this group of 24 individuals brings out certain 
points  of  interest.  In  the  first  place,  it  can  be  stated  that  this  is 
apparently  the  first  time  that  any  group  of  individuals,  including 
carriers  of the  meningococcus, has  been  subjected  to  such  intensive 
and prolonged investigation.  Of the ten  carriers,  six were observed 
for 20 consecutive months, one for 15 months, two for 9  months and 
one  for  7  months.  In  every  case,  except  No.  15,  there  was  an 
unavoidable gap of between 2 and 5 weeks in the summer when vaca- 
tions  interfered  with  the  observations.  Apart  from  these  gaps  the 
throat  swabs  were  taken  once  every  week. 
It will be noted from the charts that the throat cultures often showed 
a great abundance of meningococci, these organisms occasionally being 568  ~NINGOCOCCUS  INFECTION.  V1 
present in almost pure culture.  Weekly variations in numbers were 
often very great but, except when the swab obviously had been allowed 
to  touch some part other than the posterior nasopharynx, cultures 
taken  on  following  days  showed  numbers  of  meningococci which 
corresponded within the somewhat wide margins of error inherent in 
the method.  The percentages given in the protocols and charts are 
of necessity only approximate.  An attempt was made to minimize 
error by having all of the work done by a  single individual and the 
variations, though not of the exact magnitude shown, are  sufficiently 
accurate for diagrammatic purposes.  Often only three, two or even 
one colony was found on a  plate after the most careful search. 
Most  important, perhaps,  in  view  of the  past  experience, is  the 
fact that an individual can continue to be a  carrier of the organisms 
and, as far as one is able to ascertain by cultural characteristics and 
agglutination reactions, can continue to be a carrier of the same strain 
for long periods, and this despite the fact that careful and repeated 
swabbings of the nasopharynx reveal no meningococci on the culture 
plates for periods up to 4½ months.  Since this is the case, it is clearly 
of little use to lay claim to "cures" or to make statements of normal 
duration of the carrier condition based on negative results obtained 
in three consecutive weekly swabbings.  What happens to the menin- 
gococci is uncertain.  It may be that they can survive in the depths 
of the lymphoid tissue crypts, but the present observations offer evi- 
dence that a  carrier can show apparent cure,  as  shown by negative 
cultures, over a  period of months and yet  at  the end of that  time 
become positive again  and  show a  strain  apparently identical with 
that previously isolated. 
There are certain interesting features about the typing of the twelve 
strains  isolated from these ten  carriers.  Four of the strains,  those 
from Nos. 3,  4,  12  and 22,  were typical Type II strains differing in 
no particular from Type II  strains isolated from the spinal fluid of 
cases of meningitis.  There were no Type I-III strains.  All of  the 
other nine were atypical in agglutination and,  at least when freshly 
isolated,  showed  no  agglutination  in  sera  prepared  with  freshly 
isolated Type I  and II strains according to the technique outlined in 
a  previous paper  (32). 
There was available one serum prepared against  a  nasopharyngeal erorrr.~Y RArE  569 
strain which had failed to  agglutinate in Type I  or II serum.  5  The 
serum prepared against this strain was found to have the property of 
agglutinating typical Type II strains although the strain itself failed 
to agglutinate in Type II serum.  The strain was next tested for its 
power  to  absorb  agglutinins  and  was  found  to  remove  them  from 
Type  II  but  not  from  Type  I  serum.  The  strain  was  called  an 
atypical Type II  (designated II*)  and the serum prepared against it 
was called atypical Type II* serum.  When the atypical nasopharyn- 
geal  strains  were  tested  with  this  serum,  two  were  found  which 
agglutinated; namely, those from Individuals 4 and 23.  These strains 
did  not  agglutinate  in  Type  II  serum.  It  is  of  interest  that  two 
strains  recently isolated  from  sporadic  cases  of  frank,  and  in  one 
instance  fatal,  meningitis, occurring in  children, have proved to  be 
atypical Type II*,  identical in  every way with  those  isolated  from 
the apparently normal nasopharynx.~  It is clear from this that these 
atypical nasopharyngeal strains are capable of producing the charac- 
teristic picture of  cerebrospinal fever. 
Of  the  six  strains  remaining unagglutinated,  three  were used  for 
the production of antiserum; namely, Strain  438  from No.  17,  and 
Strains  456  and  444  from Individual  8.  The  serum prepared from 
each of these strains  did not agglutinate any other of the three,  at 
least when the  strains were freshly isolated.  They were designated 
Types V, VI and VII respectively.  It was found that Type V  anti- 
serum would agglutinate Type I-III strains slightly and that Type V 
strains removed agglutinins from Type I-III serum.  Similarly, Types 
VI  and  VII  showed  these  relationships  with  Type  II.  One  other 
strain, from Individual 13, was shown by agglutination with these new 
sera to  be  a  Type V  and  two  others,  from Individuals  15  and  19, 
were Type VII. 
Table I  shows the strains belonging to the different types and the 
individuals from whom they were isolated.  As a  result of the rela- 
tionships pointed out above, Type V is believed to belong to Group I, 
which includes Types I  and III; and Types II*, VI  and VII belong 
to  Group II, which includes Type II and probably Type IV. 
5 This strain, No. 441, was isolated from a patient in the Cardiac Service and 
was obtained through the courtesy of Dr. Thomas Francis, Jr. 
6 Both of these strains came from the New Haven Hospital through the courtesy 
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After these nasopharyngeal strains had been maintained for months 
on artificial media it was found that those belonging to Type V showed 
some agglutination in typical Type I-III serum while  Types II*, VI 
and VII agglutinated in Type II serum, thus confirming the conclu- 
sions already arrived at as to the relationships of these strains.  It is 
interesting  to  note  that  Scott  (6),  working on  non-contact  carrier 
strains during an epidemic period, isolated strains which were similar 
to those described here in that they differed from typical Type I-III 
or II strains but showed some relationships  with them. 
It will be seen that ten of these carrier strains belong  to  Group II 
while only two belong to Group I.  There are moreover four typical 
Type II strains and no Type I-III.  It is now fairly well agreed in 
this country and in Europe that Type I-III is prevalent during the 
TABLE  I 
Group  Type  Strain  Carrier 
I 
II 
V 
II 
II* 
VI 
VII 
427, 438 
475, 457, 482, 15 
468, 18 
456 
444, 422, 443 
13, 17 
3, 4, 12, 22 
4, 23 
8 
8, 15, 19 
epidemics  which have been seen  in  the past  decade, while  Type II 
accounts for a  large number of the  sporadic cases  and undergoes a 
relative increase in  prevalence during interepidemic periods. 
An attempt was made to keep a  complete record of all colds, sore 
throats  or  other  infections of  the  upper  respiratory  tract  suffered 
by members of the group during the period of observation.  In the 
case of the  carriers, these are indicated in  the  charts.  The  results 
were too scanty to allow of definite  conclusions but certain facts can 
be  pointed  out.  Coryza which was  not  accompanied by  an  over- 
whelming outgrowth of one of the throat pathogens did not appear to 
change the numbers of meningococci  in the  nasopharynx, as judged 
by numbers on  the  throat  plate.  On  the  other  hand,  pharyngitis 
and any infection accompanied by the outgrowth of one of the patho- 
gens, as for example//, influemae or pneumococcus, in large numbers did cause the numbers of meningococci to decrease and even produced 
an apparent cure of the condition in one instance.  This is of interest 
in view of the work of Gordon  (32)  and  Colebrook  (33)  who showed 
that certain organisms and their products, more particularly the pneu- 
mococcus,  were  definitely  antagonistic  to  the  meningococcus  and 
inhibited  its  growth  markedly. 
The Foundling Hospital Group 
A  group  of  25  young  girls  and  female  infants,  from  14  years  to 
6  months in  age  and of both white  and  colored races,  were  swabbed 
weekly.  These children were all strictly isolated in  a  separate  ward 
on account  of gonococcal vaginifis  and  remained  in  this  ward  until 
pronounced free from the  infection.  The length of stay of members 
of the selected group in the ward varied from 3 to 28 weeks from the 
time  of  commencement  of  the  nasopharyngeal  investigation.  The 
technique followed was that outlined  above.  Among the 25  children 
two were  found to  harbor meningococci at  some  time. 
Individual A.--Colored infant, 14 months, was found to be positive when first 
examined on Sept.  8,  1932.  Meningococcus  colonies of Type I-III were found 
in 10 per cent of the throat plate.  The following week they formed S per cent, 
the 3rd week 40 per cent and the 4th week 20 per cent.  On Oct. 4, the Sth week 
the swab showed no meningococd and the  child remained  free up to the end of 
the 10th week when, the vaginitis being cured,  she was discharged.  In the case 
of this child it is of course impossible to say how long before the investigation  was 
started the infection began.  Moreover,  it is not possible to say that the carrier 
state had spontaneously  cleared up since the child was lost sight of at the end of 
the 10th week after only five successive negative weekly swabs which, it is believed, 
do not constitute suffident evidence of a  cure. 
Individual B.---6 year old white girl.  She also carried  a Type I-III meningo- 
coccus.  Since the carrier state began Sept.  27, while Individual A was still posi- 
tive with the same type, it is possible that this is an example of contact infection. 
B  was negative for the first 3 weeks from Sept.  6 and then on Sept.  27 showed 
meningococcus colonies as 30 per cent of her throat plate.  The next week  the 
organisms  were present in  10 per cent but on Oct.  11  she became negative and 
remained  so for 22 weeks until Mar.  14,  1933, when,  the vaginitis  being  cured, 
she was released from isolation. 
The  numbers  of individuals  investigated  in  these  first two  groups 
are  strictly comparable but it must be emphasized that  the duration 
of  the  investigation  varied  considerably.  Thus  the  average  length 572  ~E~a~'~GOCOCCVSm-FEC'nON.  VI 
of observation in the adult group was 15½ months as compared with 
14½ weeks in the children.  Nevertheless, the difference in carrier rate 
between the two groups--41.6 to 8.0 per cent--is striking.  Two fac- 
tors at least would seem to have a bearing on this finding.  The first 
concerns technique.  It  has  been  found  quite  impossible  to  obtain 
such satisfactory swabs  from children as  can be  obtained from the 
majority of  adults.  The  swabs  are  apt  to  be  contaminated with 
saliva in spite of all precautions and there is no doubt that the salivary 
cocci and their products which are not normally present in the naso- 
pharynx  do  inhibit  the  growth  of  meningococci  even  up  to  total 
extinction.  It  may be  that  certain  transient  carriers amongst  the 
children were missed on this account, but probably no chronic carriers 
escaped notice.  The second factor is that of isolation.  These children 
were isolated fairly well from contact with the outside world and thus 
the possibility  of introduction of a  fresh strain from the outside was 
greatly reduced.  Carriers  would  arise  probably  only  from  strains 
already in the group, as indeed may have happened with Individual B. 
It is striking that there were no Group II strains. 
The Forestry Group 
569  young men between  18  and  25  years of age,  picked from all 
sections of the community for the Civilian  Conservation Corps,  were 
investigated while in concentration at Fort Slocum during the spring. 
It was only possible  to examine each individual a  few times.  Thus, 
83  were swabbed on  3  successive  weeks,  291  on  2  successive  weeks 
and 195 only once.  Twelve carriers were found and of these one was 
swabbed three times (positive  once), nine were swabbed twice  (two 
being positive both times and seven only once) and two were swabbed 
only once. 
Eleven out of the twelve strains were agglutinated, one strain  being 
inagglutinable when first isolated and then being lost in  subculture 
before the agglutination test could be repeated.  Of the eleven agglu- 
tinated strains only one, a  typical Type I-III, belonged  to  Group I. 
The other ten, belonging to Group II were divided as follows:  Type II, 
two strains; atypical Type II*, one strain; and Type VII, seven strains. 
This percentage of carriers, 2.1 per cent, is a low normal figure and 
is  about what one would expect from such a  group examined under GEO~Y  aAX~  573 
such circumstances.  It corresponds to the carrier figures as usually 
given.  It is believed, however, that it is appreciably lower than the 
real carrier rate among this group of young men, a  rate which could 
be determined only by careful weekly examinations made under con- 
ditions as favorable as those that could be applied to the Rockefeller 
Institute group. 
The proportion of Group II  strains is again  noticeably high and 
corresponds very closely to what was observed in the Institute group 
and to the figures given by Scott and others.  It would seem that the 
members of  Group  II,  including strains  apparently  identical  with 
Type II strains obtained from the spinal fluid of meningitis patients, 
are  those  which are  to  be  expected most  commonly as  apparently 
harmless saprophytes in the throats of normal individuals. 
SUMMARY 
Of the three studies which have been reported  in  this paper, the 
most  thorough and  therefore  the  most  instructive  was  that  made 
upon  the  Rockefeller  Institute  group  of  24  individuals.  The  ten 
carriers discovered in  this group were found to  fall into  three cate- 
gories; namely, chronic,  intermittent and  transient  carriers.  It  is, 
perhaps, a  matter for surprise, in view of the weight of evidence in 
the literature, that half of the carriers should appear in the chronic 
group, being constantly affected for periods over 2  years  and  con- 
tinuing to  carry throughout this period what was,  to  all tests,  the 
same strain of microorganism.  It has been shown that no claim of 
relief from the  carrier  condition can be  based on three  consecutive 
negative  swabs  at  weekly  intervals  since  apparent  spontaneous 
"cures," as evidenced by negative swabs, may last for 4½ months and 
finally be terminated by the reappearance of the same strain as that 
carried before. 
The effect of coryza and pharyngitis on the persistence and degree 
of the meningococcal infection has been studied and, while the results 
are  scanty,  indications have  been  found that  coryza,  unassociated 
with  any  increase  in  numbers of  the  nasopharyngeal pathogens or 
streptococci, causes no change in the number of meningococci present 
in the throat.  On the other hand, a streptococcal pharyngitis or any 
infection in which other throat pathogens increase greatly in number 57J~  MENINGOCOCGUS  I::N~ECT-ION,  VI 
is usually associated with a  marked diminution or actual disappear- 
ance,  whether  temporary or permanent, oft he  meningococci  from 
the nasopharynx,  This is in accordance with the work ofColebrook 
and Gordon. 
Of the 26 carrier strains which were isolated in these three groups 
of individuals, only eight could be identified with Gordon's four types 
which are  isolated from  the majority of  cases  of meningitis.  It  is 
considered as  certain,  however,  that  the other  18  strains  are  to  be 
regarded  as  true  meningococci.  Not  only do  they  show  the  same 
cultural  characteristics  and fermentative  reactions  as  the  typical 
strains,  but  serological  tests,  especially  that  of  absorption,  have 
revealed that they are allied to the two main types, I-III and II, and 
can be regarded as belonging to the broad serological Groups I  and II 
which include these typical Gordon types.  Moreover, atypical Type 
II*  strains,  identical  with  those  isolated  from  the  nasopharynx of 
carriers,  have  recently been  found to  be  the  cause  of two  cases  of 
frank  cerebrospinal  fever.  Only  five  of  the  26  strains  belong  to 
Group I while the other 21 are members of Group II.  This is interest- 
ing in  view of the work of Scott who found that  Group II  strains 
predominate in carriers during interepidemic periods like the present. 
In periods of epidemics the carrier strains from both contacts and non- 
contacts in  the epidemic zone  are  more often of Group I  and even 
more constantly tend to be of the typical Gordon types rather than 
atypical forms. 
As has  been pointed out in an earlier paper  (35),  the viability of 
these carrier strains when planted in defibrinated rabbit blood is low 
as  compared to  the  typical  and  freshly isolated meningitis strains. 
The  exact  significance of  this  fact  is  not known.  It  has  not  been 
possible up to the present to do comparative virulence tests between 
spinal fluid  and  nasopharyngeal strains  owing  to  the  absence  of  a 
sufficiently susceptible animal. 
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